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POTHOLE DETECTION

BACKGROUND OF THE INVENTION

Modern vehicles (e.g., airplanes, boats, trains, cars,
trucks, etc.) can include a vehicle event recorder in order to
better understand the timeline of an accident. A vehicle event
recorder typically includes a set of sensors, e.g., video
recorders, audio recorders, accelerometers, gyroscopes,
vehicle state sensors, GPS (global positioning system), etc.,
that report data, which 1s used to determine the occurrence
ol an accident.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

Various embodiments of the mnvention are disclosed 1n the
tollowing detailed description and the accompanying draw-
Ings.

FIG. 1 1s a block diagram illustrating an embodiment of
a system 1ncluding a vehicle event recorder.

FIG. 2 1s a diagram illustrating an embodiment of a
pothole.

FIG. 3 1s a diagram 1llustrating an embodiment of sensor
data.

FIG. 4 1s a diagram 1illustrating an embodiment of a
pothole map.

FIG. 5A 1s a flow diagram illustrating an embodiment of
a process for detecting a pothole.

FIG. 5B 1s a flow diagram illustrating an embodiment of
a process for storing pothole data.

FIG. 6 1s a flow diagram illustrating an embodiment of a
process for determining whether sensor data indicates a
pothole.

FIG. 7 1s a flow diagram illustrating an embodiment of a
process for adding pothole data to a pothole map.

FIG. 8 1s a tlow diagram 1illustrating an embodiment of a
process for deleting a pothole.

FIG. 9 1s a flow diagram 1illustrating an embodiment of a
process for playing a video.

DETAILED DESCRIPTION

The invention can be implemented 1n numerous ways,
including as a process; an apparatus; a system; a composi-
tion of matter; a computer program product embodied on a
computer readable storage medium; and/or a processor, such
as a processor configured to execute instructions stored on
and/or provided by a memory coupled to the processor. In
this specification, these implementations, or any other form
that the mvention may take, may be referred to as tech-
niques. In general, the order of the steps of disclosed
processes may be altered within the scope of the invention.
Unless stated otherwise, a component such as a processor or
a memory described as being configured to perform a task
may be implemented as a general component that 1s tem-
porarily configured to pertorm the task at a given time or a
specific component that 1s manufactured to perform the task.
As used herein, the term ‘processor’ refers to one or more
devices, circuits, and/or processing cores configured to
process data, such as computer program instructions.

A detailed description of one or more embodiments of the
invention 1s provided below along with accompanying fig-
ures that illustrate the principles of the invention. The
invention 1s described in connection with such embodi-
ments, but the mvention 1s not limited to any embodiment.
The scope of the invention 1s limited only by the claims and
the mvention encompasses numerous alternatives, modifi-
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cations and equivalents. Numerous specific details are set
forth in the following description in order to provide a
thorough understanding of the invention. These details are
provided for the purpose of example and the mnvention may
be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that 1s known in the technical fields related to the
invention has not been described in detail so that the
invention 1s not unnecessarily obscured.

Pothole detection 1s disclosed. A system for pothole
detection comprises an input interface configured to receive
sensor data and a pothole detector configured to determine
a pothole based at least 1 part on the sensor data; and store
pothole data associated with the pothole, wherein pothole
data comprises a pothole video.

In some embodiments, a system for pothole detection
receives sensor data. In various embodiments, sensor data
comprises camera data, video recorder data, audio recorder
data, accelerometer data, gyroscope data, vehicle state sen-
sor data, GPS data, outdoor temperature sensor data, mois-
ture sensor data, laser line tracker sensor data, or any other
appropriate sensor data. In various embodiments, a vehicle
state sensor comprises a speedometer, an accelerator pedal
sensor, a brake pedal sensor, an engine revolutions per
minute (RPM) sensor, an engine temperature sensor, a
headlight sensor, an airbag deployment sensor, driver and
passenger seat weight sensors, an anti-locking brake sensor,
an engine exhaust sensor, a gear position sensor, a cabin
equipment operation sensor, or any other appropriate vehicle
state sensor. In some embodiments, a pothole definition
comprises a minimum sensor data threshold and a maximum
sensor data threshold (e.g., when the sensor data 1s measured
to record a reading between the minimum sensor data
threshold and the maximum sensor data threshold, 1t 1s
determined that a pothole has been encountered). In various
embodiments, a pothole defimtion depends on a vehicle
weight, vehicle type, vehicle speed, or any other appropnate
parameter. In the event that a pothole 1s detected, pothole
data 1s stored. In various embodiments, pothole data com-
prises a pothole video, location data, vehicle type data,
vehicle speed data, pothole classification, pothole severity,
pothole visibility, pothole dificulty to avoid, pothole event
occurrence rate, or any other appropriate pothole data. In
some embodiments, a pothole indication 1s added to a
pothole map. In some embodiments, a pothole indication on
a pothole map indicates pothole map related information
(e.g., pothole severity, pothole frequency, etc.) via the size of
the pothole indication (e.g., a dot size). In some embodi-
ments, 1 the event an indication 1s made to a pothole
indication on a pothole map, a pothole video 1s provided. In
some embodiments, providing a pothole video comprises
selecting a pothole video (e.g., the pothole video with a
dramatic video associated pothole severity for the associated
location, the pothole video with a dramatic video associated
pothole severnity for a given vehicle type, a worst video, a
video showing a response to a pothole, an interior video, an
exterior video, etc.). In some embodiments, pothole data 1s
deleted (e.g., 1n the event a manual indication of the pothole
removal 1s received, in the event the pothole frequency 1s
equal to zero, etc.).

In some embodiments, a vehicle recorder stores data that
1s determined by a local processor to be a potential pothole.
The potential pothole data 1s transmitted to a server and
further analyzed using a model that determines a likelihood
of the potential pothole data being from an actual pothole. In
the event that the potential pothole data 1s likely an actual
pothole (e.g., likelihood 1s greater than a threshold), the
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potential pothole 1s confirmed by review of a video. In some
embodiments, there 1s no review to confirm the pothole—the
pothole 1s automatically determined using the likelithood
determination. In various embodiments, the pothole deter-
mination 1s checked periodically, randomly, or at any other
appropriate interval.

FIG. 1 1s a block diagram illustrating an embodiment of
a system including a vehicle event recorder. Vehicle event
recorder 102 comprises a vehicle event recorder mounted in
a vehicle (e.g., a car or truck). Vehicle event recorder 102
comprises a pothole detector. In some embodiments, vehicle
event recorder 102 includes or 1s in communication with a
set of sensors—Iior example, cameras, video recorders,
audio recorders, accelerometers, gyroscopes, vehicle state
sensors, GPS, outdoor temperature sensors, moisture sen-
sors, laser line tracker sensors, or any other approprate
sensors. In various embodiments, vehicle state sensors com-
prise a speedometer, an accelerator pedal sensor, a brake
pedal sensor, an engine revolutions per minute (RPM)
sensor, an engine temperature sensor, a headlight sensor, an
airbag deployment sensor, driver and passenger seat weight
sensors, an anti-locking brake sensor, an engine exhaust
Sensor, a gear position sensor, a cabin equipment operation
sensor, or any other appropriate vehicle state sensors. In
some embodiments, vehicle event recorder 102 comprises a
system for processing sensor data and detecting events. In
some embodiments, event recorder 102 comprises a system
for detecting potholes. In various embodiments, vehicle
event recorder 102 1s mounted to vehicle 106 1n one of the
following locations: the chassis, the front grill, the dash-
board, the rear-view mirror, or any other appropriate loca-
tion. In some embodiments, vehicle event recorder 102
comprises multiple units mounted 1n different locations 1n
vehicle 106. In some embodiments, vehicle event recorder
102 comprises a communications system for communicating
with network 100. In various embodiments, network 100
comprises a wireless network, a wired network, a cellular
network, a code division multiple access (CDMA) network,
a global system for mobile communications (GSM) net-
work, a local area network, a wide area network, the
Internet, or any other appropriate network. Vehicle event
recorder 102 communicates with vehicle data server 104 via
network 100. Vehicle event recorder 102 1s mounted on
vehicle 106. In various embodiments, vehicle 106 comprises
a car, a truck, a commercial vehicle, or any other appropriate
vehicle. Vehicle data server 104 comprises a vehicle data
server for collecting events detected by vehicle event
recorder 102. In some embodiments, vehicle data server 104
comprises a system for collecting data from multiple vehicle
event recorders. In some embodiments, vehicle data server
104 comprises a system for analyzing vehicle event recorder
data. In some embodiments, vehicle data server 104 com-
prises a system for displaying vehicle event recorder data. In
some embodiments, vehicle data server 104 1s located at a
home station (e.g., a shipping company oflice, a taxi dis-
patcher, a truck depot, etc.). In some embodiments, events
recorded by vehicle event recorder 102 are downloaded to
vehicle data server 104 when vehicle 106 arrives at the home
station. In some embodiments, vehicle data server 104 1is
located at a remote location.

FIG. 2 1s a diagram illustrating an embodiment of a
pothole. In some embodiments, vehicle 200 comprises
vehicle 106 of FIG. 1. In the example shown, vehicle 200
comprises vehicle event recorder 202. Vehicle event
recorder 202 comprises a system for detecting potholes
using sensor data. In some embodiments, vehicle event
recorder 202 comprises a system for detecting potholes
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using accelerometer data. Vehicle 200 drives towards the
right on the page. When vehicle 200 hits pothole 204,
vehicle event recorder 202 records sensor data measured
during the collision. In various embodiments, sensor data
depends on pothole size, collision angle (e.g., how vehicle
200 hats pothole 204), collision speed, vehicle weight,
vehicle type, etc. In some embodiments, vehicle event
recorder analyzes sensor data recorded during the collision
to determine 1f the event was a collision with a pothole. In
some embodiments, determiming if the event was a collision
with a pothole comprises determining minimum and maxi-
mum thresholds and/or data signature (wavetorm shape) and
comparing a sensor data with the minimum and maximum
thresholds and/or data signature (waveform shape). In some
embodiments, minimum and maximum thresholds and/or
signature (wavetorm shape) are based at least 1n part on a
vehicle size, a vehicle weight, and/or vehicle type. In some
embodiments, when a pothole 1s determined, pothole data
associated with the pothole 1s stored. In various embodi-
ments, pothole data comprises a pothole video, location
data, vehicle type data, vehicle speed data, pothole classi-
fication, pothole severity, pothole visibility, pothole difh-
culty to avoid, a pothole event occurrence rate, or any other
appropriate pothole data. In some embodiments, a pothole
video comprises a video from a forward facing video camera
taken during the period of time when the pothole was hit. In
some embodiments, a pothole video comprises a video taken
during a period of time when the pothole was visible through
the front windshield. In some embodiments, a pothole video
comprises a short video. In various embodiments, a short
video comprises a video shorter than 1s taken in the event of
a vehicle crash, a video only of the time the pothole was
visible, a video less than 1 second long, or any other
appropriate short video.

In some embodiments, a video of the interior and/or the
video of the forward camera is/are reviewed to confirm
whether there 1s a pothole event and to provide some
information (e.g., ability to avoid, impact severity rating to
the driver, etc.). In some embodiments, the video review 1s
not required to confirm whether there 1s a pothole event.

FIG. 3 1s a diagram 1illustrating an embodiment of sensor
data. In some embodiments, sensor data 300 comprises
sensor data recorded by a vehicle event recorder. In some
embodiments, sensor data 300 comprises accelerometer
data. In the example shown, sensor data 300 comprises
sensor data measured while a vehicle hits a set of road
hazards. A road hazard magnitude 1s determined for each
measured road hazard. In some embodiments, determining a
road hazard magnitude comprises separating measured data
into individual road hazards (e.g., by identifying regions of
sensor data where the absolute value of the sensor data 1s
less than a threshold for greater than a minimum period of
time). In some embodiments, determining a road hazard
magnitude comprises determining the peak magnitude for
the road hazard (e.g., by determining the maximum value of
the absolute value of the sensor data of the road hazard). In
the example shown, the peak magnitude for four road
hazards 1s shown (e.g., the peaks are identified by arrows).
In some embodiments, determining a pothole comprises
determining a road hazard with a peak magnitude greater
than a minimum pothole threshold and lower than a maxi-
mum pothole threshold. In some embodiments, a minimum
pothole threshold and a maximum pothole threshold are
determined from a pothole definition. In some embodiments,
a minimum pothole threshold and a maximum pothole
threshold are based at least 1in part on a vehicle weight, a
vehicle speed, and/or vehicle type. In various embodiments,
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the pothole definition comprises a minimum pothole dura-
tion, a maximum pothole duration, a mimimum pothole
attack rate, a maximum pothole attack rate, a minimum
pothole decay rate, a maximum pothole decay rate, an
approximate pothole waveform shape, a minimum pothole
envelope, a maximum pothole envelope, or any other appro-
priate pothole definition mnformation. In some embodiments,
the pothole duration comprises the time from the road
hazard start time to the road hazard stop time. In some
embodiments, a pothole attack rate comprises the data slope
at the beginning of the road hazard time. In some embodi-
ments, a pothole decay rate comprises the data slope at the
end of the road hazard time. In some embodiments, an
approximate pothole wavetorm shape comprises a pothole
data shape and a delta value (e.g., an amount by which the
pothole data 1s allowed to differ from the pothole data
shape). In some embodiments, a pothole envelope comprises
a path tracking the pothole peak value from a pothole start
time to a pothole stop time. Peak 302 comprises a pothole
(e.g., peak 302 1s greater than the minimum pothole thresh-
old and less than the maximum pothole threshold). In some
embodiments, a pothole severity 1s determined from the
pothole peak magnitude.

In some embodiments, the data from the available sensors
in the system exhibits a specific wavelorm signature when a
pothole 1s encountered. A collection of example waveforms
from pothole and non-pothole events 1s captured by multiple
vehicles equipped with the system 1n a purely data capture
mode. Features are then extracted from the collected data
that describe each wavetorm. In various embodiments, the
features include one or more of the following: averages,
differences, extremes, peak durations, decay rates, or any
other appropriate features. In some embodiments, time-
frequency features, such as the short-time Fourier Transform
(STF'T) or wavelet decomposition coeflicients are also used
to describe the wavetorm. These extracted features are used
to encode the shape signature of the potholes. The shape
signatures extracted from the example events are then used
to train a model of the prototypical pothole signature. The
learning of the model 1s done by a machine learning algo-
rithm (e.g., Support Vector Machines (SVM), Neural Net-
works or other relevant model classification technique). In
some embodiments, vehicle weight, type, and/or speed are
input to the feature computation or directly mto the model to
normalize pothole detection robustness across these vari-
ables. For example, by incorporating vehicle weight, type,
and/or speed, the model adapts to the vehicle weight depen-
dence, vehicle type, and/or speed-dependence of the sensors
to the pothole. The trained model 1s then used to classily
subsequent example wavetorms. The distance between the
trained model and the example 1s used as a proxy to the
likelithood of a pothole event. If this distance 1s less than a
threshold, then the example 1s 1dentified as a pothole. In
some embodiments, environmental data, such as road type
categorization, 1s used to filter pothole detections that likely
occurred off-road.

FIG. 4 1s a diagram 1illustrating an embodiment of a
pothole map. In some embodiments, pothole map 400 com-
prises a pothole map determined from the pothole measure-
ments of one or more vehicle event recorders (e.g., vehicle
event recorder 102 of FIG. 1). In some embodiments, when
a pothole 1s determined by a vehicle event recorder, pothole
information 1s provided to a vehicle data server. The vehicle
data server assembles the pothole data 1nto a pothole map for
viewing. In the example shown, pothole map 400 comprises
roads (e.g., road 402) and pothole indicators (e.g., pothole
indicator 404). Pothole indicators comprise marks (e.g.,
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circles) indicating detection of a pothole at the indicated
location. In some embodiments, pothole indicators comprise
an 1ndicator size (e.g., a small circle, a large circle). In
various embodiments, indicator size indicates pothole sever-
ity (e.g., the size of the pothole), pothole frequency (e.g.,
how often the pothole 1s detected), pothole dithiculty to avoid
(e.g., the fraction of the routes known to travel past the
pothole location where the pothole 1s detected) or any other
appropriate pothole data. In some embodiments, a pothole
video 1s provided 1n response to an 1mndication (e.g., a click,
a touch, etc.) to a pothole indicator. In some embodiments,
providing a pothole video comprises selecting a pothole
video. In various embodiments, selecting the pothole video
comprises selecting the pothole video with a worst, a dra-
matic, interior, exterior, showing the eflect of hitting a
pothole video, a video associated with a pothole collision
severity, selecting the pothole video with the worst associ-
ated pothole collision severity for the location, selecting the
pothole video with the worst associated pothole collision
severity for a given vehicle type, or selecting the pothole
video 1n any other appropriate way.

FIG. 5A 1s a flow diagram 1illustrating an embodiment of
a process for detecting a pothole. In some embodiments, the
process of FIG. 5A 1s executed by a vehicle event recorder
(e.g., vehicle event recorder 102 of FIG. 1). In the example
shown, 1n 500, vehicle information 1s received. In various
embodiments, vehicle information comprises a vehicle
make, a vehicle model, a vehicle type, a vehicle year, a
vehicle weight, a vehicle type, a vehicle engine type, a
vehicle shocks type, a vehicle i1dentifier, an event recorder
identifier, or any other appropriate vehicle mformation. In
502, a pothole definition 1s received. In some embodiments,
a pothole definition comprises minimum and maximum
pothole sensor data thresholds. In some embodiments, the
pothole definition depends on vehicle information. In some
embodiments, the pothole definition depends on vehicle
speed. In various embodiments, the pothole definition com-
prises a minimum pothole duration, a maximum pothole
duration, a mimmimum pothole attack rate, a maximum pot-
hole attack rate, a minimum pothole decay rate, a maximum
pothole decay rate, an approximate pothole wavetorm shape,
a minmimum pothole envelope, a maximum pothole envelope,
or any other appropnate pothole definition information. In
some embodiments, the pothole definition 1s stored on the
vehicle event recorder. In 504, sensor data 1s received. In
various embodiments, sensor data comprises camera data,
video recorder data, audio recorder data, accelerometer data,
gyroscope data, vehicle state sensor data, GPS data, outdoor
temperature sensor data, moisture sensor data, laser line
tracker sensor data, or any other appropriate sensor data. In
506, 1t 1s determined whether the sensor data indicates a
potential pothole. For example, 1t 1s determined whether
sensor data indicates a pothole using a pothole definition or
signature (€.g., a one or more sensor range conditions and/or
threshold conditions that are satisfied—ifor example, accel-
eration 1n the vertical direction exceeds a minimum thresh-
old and/or sudden evasive maneuver with/without braking).
In some embodiments, determining whether sensor data
indicates a pothole includes storing an indication that a
pothole has been detected. In some embodiments, determin-
ing a pothole comprises determining pothole data. In various
embodiments, pothole data comprises a pothole video, loca-
tion data, vehicle type data, vehicle speed data, pothole
classification, pothole severity, pothole visibility, pothole
dificulty to avoid, a pothole event occurrence rate, road
conditions, or any other appropriate pothole data. In the
event sensor data does not indicate a pothole, the process
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ends. In the event sensor data indicates a pothole, control
passes to 510. In 510, the potential pothole data 1s stored
associated with the pothole. For example, the data is stored
using a memory. In 512, the potential pothole data 1s
provided. In some embodiments, the pothole data 1s pro-
vided to a vehicle data server (e.g., vehicle data server 104
of FIG. 1).

FIG. 5B 1s a flow diagram illustrating an embodiment of
a process for storing pothole data. In some embodiments, the
process of FIG. 5B i1s executed in response to receiving
pothole data (e.g., pothole data provided by a vehicle event
recorder 1n 512 of FIG. SA). In some embodiments, the
process of FIG. 5B 1s executed by a vehicle data server (e.g.,
vehicle data server 104 of FIG. 1). In the example shown, 1n
5350, potential pothole data 1s received. For example, pothole
data (e.g., accelerometer data, interior video data, forward
camera video data, audio data, braking data, etc.) 1s received
from a vehicle event recorder. In 552, potential pothole data
1s stored. For example, the pothole data 1s stored 1n a pothole
database. In some embodiments, the pothole database 1is
used 1n conjunction with confirmation data of whether the
pothole 1s actually a pothole or not to train a model or to
update traiming of a model. In 554, 1t 1s determined whether
the potential pothole data 1s comprises pothole data from a
new pothole (e.g., a pothole that has not been detected
before). For example, the pothole data i1s analyzed using a
model to determine the likelithood that the pothole data 1s
caused by an actual pothole. In the event that the pothole
data does not comprise pothole data from a new pothole, the
process ends. In the event that the pothole data comprises
pothole data from a new pothole, 1n 556 the new pothole 1s
confirmed. For example, a forward video and/or an interior
video 1s/are reviewed to confirm that the pothole data 1s
actually caused by the vehicle hitting an actual pothole. In
some embodiments, the confirmation of whether the pothole
1s or 1s not a pothole 1s stored associated with the data 1n the
pothole database so that 1t can be used to train or update
training of the model for detecting automatically a pothole
from potential pothole data. In the event that the new pothole
1s not confirmed, the process ends. In the event that the new
pothole 1s confirmed, in 558 review data 1s associated with
the pothole data. For example, information determined dur-
ing the review of the interior and/or forward wvideo 1s
associated with the pothole data (e.g., impact to the driver,
a severity rating—ifor example, mild, medium, very harsh,
ctc., driving avoidability rating—{for example, easy to avoid,
hard to avoid, etc., visibility rating—for example, easily
seen, hard to see, etc.). In 560, pothole data 1s added to a
pothole map. For example, an 1con associated with the
pothole data 1s placed on a map. In some embodiments, the
icon 1s modified depending on the data (e.g., the size or color
of the icon 1s related to avoidability rating, severity rating,
visibility rating, date first recorded, etc.) In 562, pothole data
1s transmitted. In some embodiments, pothole data 1s trans-
mitted to pothole authorities (e.g., a department of public
works, a roads department, etc.).

FIG. 6 1s a flow diagram 1illustrating an embodiment of a
process for determining whether sensor data indicates a
pothole. In some embodiments, the process of FIG. 6
implements 506 of FIG. 5. In the example shown, 1n 600,
pothole threshold information 1s determined. In some
embodiments, pothole threshold information 1s based on a
pothole definition. In various embodiments, pothole thresh-
old mformation 1s based on a vehicle weight, vehicle type,
vehicle speed, or any other appropriate parameter. In some
embodiments, pothole threshold information comprises a
mimmum pothole threshold and a maximum pothole thresh-
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old. In 602, 1t 1s determined whether sensor data indicates an
event above the mimmmum pothole threshold. In the event
sensor data does not indicate an event above the minimum
pothole threshold, control passes to 610. In the event sensor
data indicates an event above the mimimum pothole thresh-
old, control passes to 604. In 604, 1t 15 determined whether
the sensor data event 1s below the maximum pothole thresh-
old. In the event that the sensor data event 1s below the
maximum threshold, control passes to 606. In 606, pothole
severity 1s determined. In some embodiments, pothole sever-
ity 1s determined from a pothole peak magnitude. In 608, the
process reports that sensor data indicates a pothole and the
associated pothole severity. In the event it 1s determined 1n
604 that the sensor data event i1s not below the maximum
pothole threshold, control passes to 610. In 610, the process
reports that sensor data does not indicate a pothole.

FIG. 7 1s a flow diagram 1illustrating an embodiment of a
process for adding pothole data to a pothole map. In some
embodiments, the process of FIG. 7 implements 354 of FIG.
5B. In the example shown, 1n 700, 1t 1s determined whether
the pothole comprises a new pothole (e.g., whether the
pothole 1s not yet on the pothole map). In the event 1t 1s
determined that the pothole comprises a new pothole, con-
trol passes to 702. In 702, the map indicator size 1s deter-
mined. For example, the map indicator size 1s determined
from pothole data or from video review. In various embodi-
ments, indicator size indicates pothole severity (e.g., the size
of the pothole), pothole frequency (e.g., how often the
pothole 1s detected), pothole difficulty to avoid (e.g., the
fraction of the routes known to travel past the pothole
location where the pothole 1s detected) or any other appro-
priate pothole data. In 704, the map indicator 1s added to the
map at the pothole location (e.g., the location of the vehicle
when the pothole was detected), and the process ends. In the
event 1t 1s determined 1 700 that the pothole does not
comprise a new pothole, control passes to 706. In 706, a new
associated map indicator size i1s determined. In some
embodiments, a new associated map indicator size 1s deter-
mined by determining a moving average of the pothole data
associated with the map indicator size. In some embodi-
ments, a new associated map indicator size 1s determined by
determining a pothole detection frequency. In 708, the map
indicator size 1s updated 11 necessary. In some embodiments,
the map indicator size 1s not updated 1n the event that 1t has
not changed 1n size.

FIG. 8 1s a flow diagram 1illustrating an embodiment of a
process for deleting a pothole. In some embodiments, the
process ol FIG. 8 1s executed by a vehicle data server. In
some embodiments, the process of FIG. 8 comprises a
process for deleting a pothole from a pothole data storage
(e.g., a pothole data storage used for storing a pothole in the
process of FIG. 5B). In the example shown, in 800, 1t 1s
determined whether manual 1indication of a pothole removal
was received. For example, an indication 1s received from a
pothole authonty and relayed to the system. In the event that
it 1s determined that manual indication of the pothole
removal was received, control passes to 810. In the event
that 1t 1s determined that manual indication of the pothole
removal was not received, control passes to 802. In 802,
pothole frequency i1s determined. In some embodiments,
pothole frequency comprises a number of times the pothole
was detected per time period. In some embodiments, pothole
frequency 1s computed over a predetermined time period
(e.g., the previous day, the previous three days, the previous
week, the previous month, etc.). In 804, 1t 1s determined
whether the pothole frequency i1s equal to zero (e.g., the
pothole has been detected no times over the pothole fre-
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quency time period—ifor example, no hit 1n a month). In the
event it 1s determined that the pothole frequency 1s not equal
to zero, the process ends. In the event 1t 1s determined that
the pothole frequency 1s equal to zero, control passes to 806.
In 806, the pothole 1s deleted.

FIG. 9 1s a flow diagram illustrating an embodiment of a
process for playing a video. In some embodiments, the
process of FIG. 9 1s executed by a vehicle data server. In the
example shown, 1n 900 an indication (e.g., a click, a tap) 1s
received to a map indicator (e.g., a dot on a pothole map,
¢.g., pothole map 400 of FIG. 4). In 902, an associated
pothole video 1s selected. In various embodiments, selecting,
an associated pothole video comprises selecting the pothole
video with the worst associated pothole collision severity,
selecting the pothole video with the worst associated pothole
collision severity for the location, selecting the pothole
video with the worst associated pothole collision severity for
a given vehicle type, selecting a dramatic video, selecting a
video that shows the eflect of running over a pothole, or
selecting the pothole video 1n any other appropniate way. In
904, the associated pothole video 1s provided (e.g., video
data 1s provided for a video display).

Although the {foregoing embodiments have been
described 1n some detail for purposes of clarity of under-
standing, the mvention 1s not limited to the details provided.
There are many alternative ways of implementing the inven-
tion. The disclosed embodiments are illustrative and not
restrictive.

What 1s claimed 1s:

1. A system for pothole detection, comprising:

an 1put nterface configured to:

recelve sensor data of a vehicle;

a vehicle event recorder processor configured to:

determine a pothole based at least 1in part on the sensor
data:

store pothole data associated with the pothole, wherein
the pothole data comprises a pothole video; and

provide the pothole data, wherein a pothole rating of
the pothole 1s determined and stored based at least 1n
part on the pothole data, wherein the pothole rating
comprises a driving avoidability rating, a visibility
rating, or any combination thereof.

2. The system of claam 1, wherein the pothole video
comprises a short video.

3. The system of claam 1, wherein the pothole data
additionally comprises at least one of: location data, vehicle
type data, vehicle speed data, pothole classification, pothole
severity, pothole visibility, pothole difliculty to avoid, and
pothole event occurrence rate.

4. The system of claim 1, wherein the vehicle event
recorder 1s further configured to provide the pothole data.

5. The system of claim 1, wherein determining the pothole
1s based at least 1n part on a pothole definition that depends
on a vehicle weight or a vehicle type.

6. The system of claim 1, wherein determining the pothole
1s based at least 1n part on a pothole definition that depends
on a vehicle speed.
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7. The system of claim 1, wherein the pothole data 1s
received from the vehicle event recorder.

8. The system of claim 1, wherein the pothole data 1s
transmitted to pothole authorities.

9. The system of claim 1, wherein the pothole video 1s
provided for playing.

10. The system of claim 9, wherein providing the pothole
video comprises selecting the pothole video.

11. The system of claim 10, wherein selecting the pothole
video comprises selecting the pothole video with a dramatic
video associated with a pothole collision severity for a
pothole location.

12. The system of claim 10, wherein selecting the pothole
video comprises selecting the pothole video with a dramatic
video associated with a pothole collision severity for a given
vehicle type.

13. The system of claim 1, wherein the pothole data 1s
stored and the pothole data 1s deleted.

14. The system of claim 13, wherein the pothole data 1s
deleted 1n the event a pothole frequency 1s equal to zero.

15. The system of claim 13, wherein the pothole data 1s
deleted 1n the event a manual indication of a pothole removal
1s recerved.

16. The system of claim 1, wherein a pothole map 1s built,
wherein the pothole map comprises a pothole indicator that
indicates the pothole rating.

17. The system of claim 1, wherein determining the
pothole uses a model trained on previously stored pothole
data and confirmation of pothole data.

18. The system of claim 1, wherein the pothole data 1s
used to build a pothole map, wherein the pothole map 1s
configured to receive an indication to play the pothole video.

19. A method for pothole detection, comprising;:

recerving sensor data of a vehicle;

determining, using a vehicle event recorder, a pothole

based at least in part on the sensor data;

storing pothole data associated with the pothole, wherein

pothole data comprises a pothole video; and

provide the pothole data, wherein a pothole rating of the

pothole 1s determined and stored based at least 1n part
on the pothole data, wherein the pothole rating com-
prises a driving avoidability rating, a visibility rating,
or any combination thereof.

20. A computer program product for pothole detection, the
computer program product being embodied 1n a non-transi-
tory computer readable storage medium and comprising
computer instructions for:

recerving sensor data of a vehicle;

determining, using a pothole detector, a pothole based at

least 1n part on the sensor data;
storing pothole data associated with the pothole, wherein
the pothole data comprises a pothole video; and

provide the pothole data, wherein the a pothole rating of
the pothole 1s determined and stored based at least in
part on the pothole data, wherein the pothole rating
comprises a driving avoidability rating, a visibility
rating, or any combination thereof.
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